. N.rn.r. data a-CH and NH chemical shifts, coupling constants, NH temperature coefficients and CH-NH NOEs (daN) in dimethyl sulphoxide (d,) for analogue 1 in either water or in dimethyl sulphoxide [8, 9] , although they may do so within a membrane [9] . In contrast, analogue 1 does appear to adopt a predominant conformation in dimethyl sulphoxide solution.
Chemical shift values for analogue 1 ( Further studies are underway to better define this structure. non-fermentable carbon sources. With octenidine the MIC using glucose (fermentable) was 5 pg/ml and using sodium lactate (non-fermentable) was 1 pg/ml. With pirtenidine the MICs were respectively 20 and 4 pg/ml. MIC values were determined according to the broth dilution procedure of Shadomy & Espinel-lngroff [3] . The greater sensitivity of the yeast to the drugs on the non-fermentable carbon source implies an effect on the assembly or functioning of the mitochondrial oxidative phosphorylation system. Both octenidine and pirtenidine inhibit oxygen uptake in exponentially growing cultures of S. cerevisiue N.C.Y.C. 239 (measured with a Clark oxygen electrode using the procedure of Morgan & Whittaker 14)). Octenidine hydrochloride (0.3 pg/ml) and pirtenidine hydrochloride ( 2 pg/ml) reduced the control oxygen uptake rate of 1.8 x p A O,/h per cell by 9 I "/o and 47%, respectively.
The effects of the drugs on the synthesis of mitochondrial cytochromes was examined using oxidized-reduced difference spectra in the visible light range. Octenidine hydrochloride (0.3 pg/ml) brought about a reduction in the total cytochrome content of a culture grown t o late exponential phase and a diminution in the levels of cytochromes aa3 and b relative to cytochrome c. The latter effect would bc expected if octenidine acted either as an inhibitor of mitochondrial protein synthesis or as a petite mutagen. In contrast, pirtenidine showed no evidence of an effect on cytochrome synthesis. The possibility that octenidine might act to induce the formation of petite mutants in S. cerevisiue was investigated. Peiite mutants have suffered loss or gross deletion of their mitochondrial DNA [5] and are consequently incapable of mitochondrial protein synthesis. Fig. 1( a ) shows that octenidine does increase the level of petite mutants in a culture in a dose-dependent fashion. The level of petite mutants observed, however, was insufficient to account for the diminution of respiration induced by this drug. The potent petire mutagen ethidium bromide gives 100"/0 petite mutants after 24 h incubation at 10 pg/ml. Rather surprisingly octenidine diminishes the petite mutagenic effect of ethidium bromide in a dose-dependent manner (Fig. 1 u) , so much so that, at an octenidine concentration of 0.5 pg/ml the mutant level achieved is hardly affected by the presence or absence of ethidium bromide. Fig. 1( h ) shows that octenidine, added at various times during the course of ethidium bromide mutagenesis, appeared to cause immediate inhibition of mutagenesis. In contrast to these observations, pirtenidine neither induced petite mutation nor antagonized ethidium bromide induction of petite mutants.
It seems likely from these observations that pirtenidine has a direct effect on the mitochondria1 electron transport system. It is probable that octenidine also shows this effect. In addition, possibly because of its bifunctional nature, octenidine interferes with mitochondria1 assembly causing petire mutation and diminished cytochrome synthesis. It is possible that the inhibitory effect of octenidine on ethidium bromide mutagenesis might relate to the requirement for ATP for efficient mutagenesis by ethidium bromide I 71.
Introduction
Ultrastructural studies to date suggest that most, if not all, cell death in higher animals may be categorized into two distinct morphological patterns [ 11. The most widely recognized is characterized by marked swelling of mitochondria followed by dissolution of internal and plasma membranes, VOl. 18 typically termed necrosis [2] . The second pattern is characterized by condensation of the cell with maintenance of organelle integrity and the formation of surface protuberances that separate as membrane-bounded vesicles. This process was originally called shrinkage necrosis but was subsequently renamed apoptosis [3] . Previous reports have identified a variety of agents which induce cell death either via apoptosis or necrosis. For example, glucocorticoid treatment of thymocytes 141, the effect of thyroxine in tadpole tail during metamorphosis [ 51 and the withdrawal of adrenocorticotrophic hormone from the adrenal gland 131 all induce cell death by
